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              Summary 
After more than a century, Michelson’s interferometer is still at the forefront of 
scientific investigation. While the first application was in astronomy, it is now used as a 
novel technique in a wide range of subjects, notably in the form of Optical Coherence 
Tomography used primarily for biomedical applications. This paper will introduce a 
new application of the interferometer for the examination of art for conservation 
purposes. 
 
 
Interferometry in Astronomy 
In 1868, Fizeau suggested that by using an interferometric combination of light from 
two separated slits ‘il deviendra possible d’obtenir quelques données nouvelles sur les 
diamètres angulaires de ces astres’ [1]. In 1891, Michelson successfully measured the 
angular diameters of Jupiter’s moons using the first optical interferometer in 
astronomy [2]. Later in 1921, Michelson & Pease developed the first stellar 
interferometer and successfully measured the size of the supergiant star Betelgeuse 
with their 20 ft interferometer mounted on the 100 inch Mount Wilson Telescope, thus 
fulfilling Fizeau’s vision [3]. However, the requirements for mechanical stability and 
sensitive detectors with good time resolution limited the development of the stellar 
interferometer.  
 
After WWII, the development of radio astronomy pushed interferometry to a new era, 
where demands in resolution at radio wavelengths resulted in the development of high 
sensitivity and long baseline inteferometric arrays (e.g. the Very Large Array telescope 
in New Mexico, USA and the Australia Telescope in New South Wales, Australia) and 
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the development of the ultimate high resolution interferometric technique - Very Long 
Baseline Interferometry (VLBI) which achieved milliarcsecond resolution by using 
radio telescopes across the continents simultaneously. Imaging techniques developed 
in radio astronomy soon found applications in medical science. A notable example is 
the algorithm developed for reconstruction of astronomical images from radio 
interferometers by Bracewell [4] that has since been universally adopted for use in 
Computer-Assisted Tomography (CAT) scans [5] and Magnetic Resonance Imaging 
(MRI). 
 
In the meantime, the development of optical interferometers in astronomy was not 
revived until the 1960s when intensity interferometers were developed to measure the 
size of the brightest stars through recording only intensities (but not phase) of the 
complex visibility function. It was not until the 1980s that advancement in computer, 
laser and detector technologies and interferometric techniques developed in radio 
astronomy resulted in the development of a modern version of the Michelson’s 
interferometer. The first on the drawing board was the SUSI (Sydney University Stellar 
Interferometer) - a long baseline optical array for the measurements of stellar sizes [6] 
and COAST (Cambridge Optical Aperture Synthesis Telescope) - an optical stellar 
imaging array [7]. In the 1990s, a number of long baseline optical interferometers were 
developed around the world for imaging stars at sub-milliarcsecond resolutions [8]. 
 
 
Michelson’s interferometer in various disguises  
While in astronomy the aim is to resolve or image the source, the source is used to 
illuminate the object to be imaged in normal terrestrial applications. In both case 
we take advantage of the coherence properties of light. Optical Low Coherence 
Reflectometry (a 1-D optical ranging technique) uses essentially a Michelson’s 
interferometer in a variety of configurations. Once again the coherence properties 
play an essential role and therefore, to achieve high depth resolution, short 
coherence length sources are required. Consequently, a range of sources such as 
tungsten lamps, superluminescent diode (SLD), Kerr lens mode-locked laser and 
supercontinuum sources were tested and developed. All these deliver light with 
high spatial coherence but low temporal coherence (i.e. wide bandwidth). Initial 
applications were of particular interest in the 1980s for the examination of fibre 
optic cables [9]. The potential application of the technique for examining the eye 
and other biological tissues was soon recognised. It was the development of a 3-D 
scanning technique specifically for producing stacks of high-resolution cross-
sectional images of the internal microstructure of living tissue that made the 
technique popular in biomedical studies and gave the name Optical Coherence 
Tomography (OCT) to the technique [10]. OCT is basically a fast high-resolution  
3-D scanning Michelson’s interferometer.  
 
 
Application to art conservation 
Since non-invasive techniques are highly sought-after in both medical applications and 
art conservation, it is not surprising that these techniques are often transferable from 
biomedical applications to that of art conservation. One such well-known example is 
the use of X-rays in art conservation.  
Here we describe a similar example of a recent application of a biomedical instrument 
to art conservation. The first applications of Optical Coherence Tomography to the 
examination of museum paintings were reported recently [11,12]. We used two  
en-face time-domain OCTs at 850nm and 1300nm to examine paintings in depth [11], 
the other group used a frequency-domain OCT [12]. Unlike a conventional time-
domain OCT where a stack of cross-section images are taken one after another to 
create a 3-D image, an en-face OCT takes images in planes parallel to the painting 
surface one after another in depth [13,14] which is particularly convenient for the 
examination of paintings. The en-face display provides an instant comparison to the 
familiar look of painting. Figure 1 shows an example of a series of images taken in 
depth of a small region of a painted board. As images are taken deeper into the 
painting, underdrawings (preparatory drawings before the application of paint) are 
revealed. The dynamic range and resolution of these images of underdrawings 
surpass any conventional infrared images. The high dynamic range is because 
interferometers register only coherent signals hence only back-scattered light from the 
layer that matches (within the coherence length) the reference path length is 
registered. Back-scattered light from the other layers is automatically filtered out. The 
resolution in the plane of the painting is given by the numerical aperture of the 
objective lens and the depth resolution is given by the coherence length which is 
inversely proportional to the bandwidth of the source. 
 
          
 
Fig 1. From left to right: 1) colour image of a painted board with underdrawing under the paint layers; 2) 
to 5) layers of OCT image at 1300nm in increasing depth. The images are 1cm by 1cm in size. 
 
Figure 2 shows cross-section images of two line segments on a painting obtained with 
an 850nm OCT and a 1300nm OCT showing the varnish layer and the roughness of 
the paint layer. Figure 3 shows that it is possible to obtain images of paint layer 
structure from OCT images. The images show the optical thickness of the paint and 
varnish layers. We have conducted preliminary measurements and found that it is 
possible to measure the refractive index and the thickness of the varnish layer 
simultaneously using a focus-tracking method pioneered by Tearney et al. [15]. 
 
 
 
 
 
 
Fig 2. From left to right: 1) A cross-section image from a 1300nm OCT showing two layers of varnish 
above the paint layer; 2) a colour image of the painting; 3) a cross-section image from a 850nm OCT 
which has a higher depth resolution and X-Y resolution than the 1300nm, owing to the larger bandwidth 
source and higher numerical aperture used. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 3. Left: a colour image of a painted board, the central strip is painted with vermilion, the strip on the 
right is painted with a red lake layer on top of a vermilion layer; Right: a 1300nm OCT cross-section 
image of a line segment cut across the boundary between the central and right hand strip showing the 
layer structure. 
 
Conclusions 
Optical Coherence Tomography – a fast 3-D scanning low coherence Michelson’s 
interferometer has great potential in non-invasive examination of museum and gallery 
paintings. Infrared OCT is capable of providing 3-D infrared images of paintings that 
would not only show the underdrawings underneath the paint layers, but also show the 
layer structures of paint and varnish layers. We have started quantitative 
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measurements of the optical parameters of paint and varnish layers using the data 
collected from OCTs. 
 
 
Acknowledgement 
 
H.L. would like to thank Prof. Chris Pannell for the initial discussions that led to the 
application of OCTs to paintings conservation, members of the Applied Optics group 
at the University of Kent for the development of the OCT systems, assistance and 
hospitality, Ophthalmic Technology Inc. for providing the capture software and 
members of the scientific and conservation departments of the National Gallery 
(London) for providing samples and test paintings. 
 
References 
[1] H. Fizeau, C. R. Hebd. Seanc. Acad. Sci. Paris, 66, 932, 1868 
[2] A. A. Michelson, Publ. Astron. Soc. Pac., 3, 274, 1891 
[3] A. A. Michelson and F. G. Pease, Astrophysics Journal, 53, 249 
[4] R. N. Bracewell, Australian Journal of Physics, 9, 198, 1956 
[5] A. M. Cormack, Journal of Applied Physics, 34(9), 2722-2727, 1963 
[6] J. Davis, W. J. Tango, A. J. Booth, R. A. Minard, T. A. ten Brummelaar, MNRAS, 
303, 773,1998 
[7] C. A. Haniff, C. D. Mackay, D. J. Titterington, D. Sivia, and J. E. Baldwin, Nature, 
328, 694, 1987 
[8] J. E. Baldwin, C. A. Haniff, Phil. Trans. R. Soc. Lond. A., 360, 969, 2002 
[9] R. C. Youngquist, S. Carr and D. E. N. Davis, Opt. Lett.,12, 158, 1987 
[10]D. Huang, E. A. Swanson, C. P. Lin, J. S. Schuman, W. G. Stinson, W. Chang, M. 
R. Hee, T. Flotte, K. Gregory, C. A. Puliafito, J. G. Fujimoto, Science, 254, 1178, 1991 
[11] H. Liang, M. Gomez Cid, R. Cucu, G. Dobre, D. Jackson, C. Pannell, J. Pedro, D. 
Saunders, A. Podoleanu, Second European Workshop on Optical Fibre Sensors, 
Proc. SPIE, 5502, 378, 2004 
[12] P. Targowski, B. Rouba, M. Wojtkowski, and A. Kowalczyk, Studies in 
Conservation, 49(2), 107, 2004 
[13] A. Gh. Podoleanu, M. Seeger, G. M. Dobre, D. J. Webb, D. A. Jackson, F. Fitzke, 
J. Biomed Optics, 3, 12, 1998  
[14] A. Gh. Podoleanu, J. A. Rogers, D. A. Jackson and S. Dunne, Opt. Express, 7(9), 
292, 2000, http://www.opticsexpress.org/framestocv7n9.htm 
[15]G. J. Tearney, M. E. Brezinski, J. F. Southern, B. E. Bouma, M. R. Hee and J. G. 
Fujimoto, Opt. Lett., 20, 2258, 1995 
 
 
 
 
. 
 
 
